The macrophage migration inhibition test was applied to the study of delayed hypersensitivity in mice vaccinated intravenously with oil-treated cell walls of Mycobacterium bovis BCG. Migration inhibition of peritoneal exudate cells from sensitized mice was demonstrated directly upon incubation of the cells with purified protein derivative, but indicator cells such as normal peritoneal cells had to be included to demonstrate migration and migration inhibition with sensitized lung cells. Inhibition of migration induced by mouse cells was greatest 3 to 4 weeks after sensitization but was still considerable after 11 weeks. The migration inhibitory factor (MIF) was not detected in cells freshly isolated from sensitized mice but was released into the supernatant fluid when cells were incubated with purified protein derivative for 24 hr at 37 C in a tissue culture system. Production of MIF was inhibited by actinomycin D and puromycin. MIF was nondialyzable, resistant to heating at 56 C for 1 hr, and of a lower molecular weight than mouse gamma globulin. All data indicated that migration inhibition induced by cells from cell wallvaccinated mice was very similar to that caused by guinea pig lymphocytes.
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Mackaness and Collins observed a close relationship between delayed hypersensitivity and resistance of experimental animals to infection with facultative intracellular parasites (11, 21, 22) . They showed that in mice enhanced resistance to infection with Listeria, Brucella, and Salmonella was correlated with delayed hypersensitivity and activation of host macrophages, the cells responsible for the destruction of these parasites. Mackaness (23) suggested that macrophages may be activated by a humoral factor released by immunologically committed lymphocytes upon contact with specific antigen.
Two recent studies with mice have failed to demonstrate a relationship between delayed hypersensitivity and acquired resistance to infection with another facultative intracellular parasite, Mycobacterium tuberculosis H37Rv. Youmans and Youmans (30) reported that mice protected against intravenous (iv) challenge by intraperitoneal (ip) inoculation of a ribosomal preparation of M. tuberculosis H37Ra did not react to footpad challenge with purified protein derivative (PPD) or the ribosomal fraction. We (3, 4) found that mice inoculated with cell walls of M. bovis BCG by the intradermal or subcutaneous routes gave strong delayed responses to footpad challenge with PPD but exhibited little or no enhanced resistance to airborne infection with H37Rv. In contrast, mice vaccinated iv gave weaker footpad reactions but were protected far better against infection.
Since the footpad test may not necessarily indicate the ability of the mouse to produce a delayed reaction in the lung, we sought a test method which would enable us to measure directly the hypersensitivity state of lung cells. The lung is a particularly important organ in our studies because (i) it is the organ first exposed to the airborne mycobacteria and (ii) there is a very significant accumulation of lymphocytes and macrophages in lungs of mice vaccinated iv with BCG cell walls (5) . Youmans and Youmans (29) (6, 19) .
In our studies, we found that migration of macrophages is inhibited in the presence of lymphoid cells from mice vaccinated with oiltreated BCG cell walls. Results of our experiments to define certain parameters of this experimental system and to characterize the factor responsible for inhibition are presented in this report. Our studies of the relationship between delayed hypersensitivity, as assayed by the MI test, and acquired resistance to airborne infection with H37Rv are described in the accompanying report (28) .
MATERIALS AND METHODS
Mice. Four-to 6-week-old female CAF1 mice from the Animal Production Unit of the National Institute of Allergy and Infectious Diseases, Bethesda, Md., and 3-to 4-week-old female white mice reared at the Rocky Mountain Laboratory (RML) were employed.
Sensitization of mice. Mice were inoculated iv with BCG cell walls prepared and treated with mineral oil as described previously (10, 25 Gel filtration. Tissue culture supernatant fluid was concentrated six-fold by ultrafiltration at 4 C and filtered through a column (2.5 by 80 cm) of Sephadex G-200 (Superfine) equilibrated with glycineNaCl buffer, by the method of Heise et al. (19) .
Absorbancy of the fractions at 280 nm was determined with a Beckman DU-2 spectrophotometer, and appropriate fractions were pooled, dialyzed against two changes of distilled water at 4 C, and lyophilized.
Immunochemical analyses of fractions. Portions of the lyophilized pools were dissolved in saline (5 mg/ ml) and tested against goat anti-mouse gamma globulin and anti-mouse serum (Hyland Laboratories, Los Angeles, Calif.) by double diffusion in gel. Other portions were subjected to electrophoresis by the method of Scheidegger (26) and examined with the above antisera. Antibody titrations. Antibody levels to a crude lipopolysaccharide fraction isolated from defatted BCG by phenol extraction were determined with the Middlebrook-Dubos hemagglutination test (24) . Antigen for the Boyden hemagglutination test (9) was prepared from the culture filtrate of M. tuberculosis Aoyama B grown in Sauton medium; the filtrate was precipitated with ammonium sulfate (twice at 80% saturation) at pH 7.0 and dialyzed. Both of the preparations were generously supplied by A. Sasaki, Hokkaido University, Sapporo, Japan. (Table 4) . Maximum activity was attained 3 weeks after sensitization; this same level of activity was also supernatant fluid obtained after incubation of lung cells from normal mice in Eagle medium. These results (Table 5) showed that inhibitory activity was marked even after fourfold dilution of the active supernatant fluid. Effect of heat on MIF. A supernatant fluid obtained after incubation with PPD of lung cells from CAF1 mice, vaccinated 6 weeks earlier with 300 ,ug of BCG cell walls, was heated at 56 C for 1 hr. The results presented in Table 6 indicated that MIF was unaffected by this treatment.
RESULTS

Competency
Effect of metabolic inhibitors on synthesis of MIF. David (12) has shown that both actinomycin D, an inhibitor of deoxyribonucleic aciddependent ribonucleic acid synthesis, and puromycin, an inhibitor of protein synthesis, depress the ability of sensitized lymphocytes to inhibit cell migration. To determine the effect of these two inhibitors upon synthesis of MIF by lung cells from CAF, mice vaccinated with BCG cell walls, we added these substances to the medium in which the various cell mixtures were incubated (Table 7) . Although these metabolic inhibitors somewhat reduced migration of normal cells, migration of macrophages in a medium containing both sensitized lung cells and metabolic inhibitors was significantly greater than that of macrophages in a medium devoid of actinomycin D or puromycin. These results suggest that mouse MIF is (i) newly synthesized by lymphocytes upon exposure to antigen and (ii) protein in nature.
Fractionation of active supernatant fluids.
Lung cells from 10 (Fig. 3) . A faint band was detected in the pattern of P-3, but the electrophoretc mobility of this component is greater than that of gamma globulin. Gamma globulin was also found in the first two pools by immunodiffusion analysis (Fig. 4) Lung cells from vaccinated mice, but not peritoneal cells, were observed to inhibit migration of normal macrophages in the absence of externally supplied PPD. However, cell wall antigen probably was present within the macrophages of the lung-cell suspension, since an earlier study had shown that radioactivity persists for more than 4 weeks in lungs of mice vaccinated iv with '4C-labeled cell walls (3). Possibly, release of antigen by the lung macrophages in tissue culture stimulated sensitized lymphocytes to produce MIF.
The mechanism by which migration of mouse macrophages is inhibited was not revealed by this study. Presumably, either a cytotoxic factor (20) or a chemotactic factor (27) produced by tuberculin-sensitive lymphocytes would prevent migration of cells. Possibly, other products, such as the postulated macrophage-activating factor (23) , are synthesized by the sensitized lymphocyte upon contact with specific antigen and affect migration.
Our data demonstrated that lung cells from mice vaccinated iv with BCG cell walls produce consistent and significant inhibition of migration of normal peritoneal macrophages. With this defined system, we were able to study the relationship in mice of immunity to airborne infection with H37Rv and the ability of lung cells to participate in the MI reaction associated with delayed hypersensitivity. The results of this study are presented in the accompanying report (28) .
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